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(57) ABSTRACT

If an oxide semiconductor layer 1s crystallized by heat treat-
ment without being covered with an 1norganic msulating film,
surface unevenness and the like are formed due to the crys-
tallization, which may cause variation 1n electrical character-
1stics. Steps are performed 1n the following order: a second
insulating film 1s formed on an oxide semiconductor layer
over a substrate and then heat treatment 1s performed, instead
of performing heat treatment during a period immediately
alter formation of the oxide semiconductor layer and imme-
diately before formation of an inorganic insulating film
including silicon oxide on the oxide semiconductor layer. The
density of hydrogen included 1n the morganic msulating film
including silicon oxide is 5x10°°/cm” or more, and the den-
sity of nitrogen is 1x10"”/cm” or more.
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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE

SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
using an oxide semiconductor and a method for manufactur-
ing the semiconductor device.

2. Description of the Related Art

There are a variety of kinds of metal oxides mtended for
many uses. Indium oxide 1s a well-known material and 1s used
as a transparent electrode material necessary for a liqud
crystal display or the like.

Some metal oxides have semiconductor characteristics.
For example, tungsten oxide, tin oxide, mdium oxide, zinc
oxide, and the like can be given as metal oxides which have
semiconductor characteristics, and thin film transistors in
which a channel formation region 1s formed using such a
metal oxide which has semiconductor characteristics are
already known (Patent Documents 1 to 4 and Non-Patent
Document 1).

As the metal oxides, not only one-element oxides but also
multi-element oxides are known. For example, InGaO,
(ZnO)_ (m: natural number) having a homologous phase 1s
known as a multi-element oxide semiconductor mncluding In,
(Ga, and Zn (Non-Patent Documents 2 to 4).

Further, 1t 1s proved that the oxide semiconductor formed
using an In—Ga—Z7n-based oxide as described above can be
used for a channel layer of a thin film transistor (Patent
Document 5 and Non-Patent Documents 5 and 6).

Further, attention has been drawn to a technique by which
a thin film transistor 1s manufactured using an oxide semi-
conductor and such a transistor 1s applied to an electronic
device or an optical device. For example, Patent Document 6
and Patent Document 7 disclose a technique by which a thin
film transistor 1s manufactured using zinc oxide or an
In—Ga—7/n—O0O-based oxide semiconductor as an oxide
semiconductor film and such a thin film transistor 1s used as a
switching element or the like of an 1mage display device.
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SUMMARY OF THE INVENTION

The field effect mobaility of a thin film transistor using an
oxide semiconductor for a channel formation region 1s higher
than that of a thin film transistor using amorphous silicon.

Such an oxide semiconductor 1s expected to be used for
forming a thin film transistor over a glass substrate, a plastic
substrate, or the like, and to be applied to a display device
such as a liquid crystal display device, an electroluminescent
display device, or electronic paper.

It 1s an object to provide a highly reliable semiconductor
device using an oxide semiconductor.

After an oxide semiconductor layer which serves as a chan-
nel region of a thin film transistor 1s formed over a substrate
having an insulating surface and covered with an nsulating

film including silicon oxide, heat treatment 1s performed.
Note that the oxide semiconductor layer has an amorphous
structure before being subjected to the heat treatment, and the
oxide semiconductor layer has also an amorphous structure
alter being subjected to the heat treatment.

After the oxide semiconductor layer 1s covered with the
inorganic insulating film 1ncluding silicon oxide, heat treat-
ment 1s performed at 300° C. or higher, so that crystallization
ol the oxide semiconductor layer can be suppressed. The heat
treatment 1s performed at greater than or equal to 300° C. and
less than or equal to the strain point of the substrate having an
insulating surface, preferably, a temperature higher than a
substrate temperature at the time of forming the inorganic
insulating {ilm including silicon oxide and less than a tem-
perature where the oxide semiconductor layer has an amor-
phous structure aiter being subjected to the heat treatment.

I1 the oxide semiconductor layer 1s crystallized by the heat
treatment without being covered with the inorganic insulating
film, surface unevenness and the like are formed due to the
crystallization, which may cause variation 1n electrical char-
acteristics.
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Further, the oxide semiconductor layer may include silicon
oxide so that crystallization of the oxide semiconductor can
be suppressed.

Furthermore, when heat treatment 1s performed on notonly
the oxide semiconductor layer but also the inorganic msulat-
ing {ilm including silicon oxide, defects and the like 1n the
inorganic insulating film including silicon oxide can be
reduced. Accordingly, a thin film transistor having excellent
clectrical characteristics can be realized.

The density of hydrogen included 1n the mnorganic imsulat-
ing {1lm including silicon oxide, which covers the oxide semi-
conductor layer, is greater than or equal to 5x10*°/cm’
according to an analysis using secondary 10n mass spectroms-
etry (SIMS). Moreover, the density of nitrogen included 1n the
inorganic isulating film including silicon oxide, which cov-
ers the oxide semiconductor layer, 1s greater than or equal to
1x10"/cm” according to an analysis using SIMS in a similar
manner. As long as the densities of hydrogen and nitrogen
included in the inorganic msulating film including silicon
oxide, which covers the oxide semiconductor layer, satisty
the above conditions, the film formation method 1s not par-
ticularly limited, and a plasma CVD method or a sputtering,
method 1s employed in order to form the inorganic insulating,
film 1ncluding silicon oxide.

In addition, the density 1n this specification refers to an
average value of densities according to an analysis using
SIMS. A value 1s obtained by a SIMS analysis from the lower
density side to the higher density side 1n a depth direction.

When the substrate temperature 1s higher than 300° C. at
the time of forming the morganic insulating film including
s1licon oxide on the oxide semiconductor layer, the density of
oxygen on a surface of the oxide semiconductor layer which
1s exposed under reduced pressure 1s reduced, so that the
conductivity of the surface of the oxide semiconductor layer
increases, which makes 1t difficult to obtain TFT characteris-
tics 1n an off state.

Here, TFTs are formed under conditions where the sub-
strate temperature at the time of forming the inorganic 1nsu-
lating film 1ncluding silicon oxide on the oxide semiconduc-
tor layer 1s different, and experimental results of comparison
ol the electrical characteristics are described below. Note that
the channel length and the channel width of each thin film
transistor formed under the following conditions are both 100
um, and characteristics at Vd voltages of 1 V and 10 V are
measured.

FIG. 6 A shows results of electrical characteristics of a thin
film transistor manufactured using the inorganic msulating
f1lm including silicon oxide formed on the oxide semiconduc-
tor layer under the following conditions: the substrate tem-
perature 1s 200° C.; the silane gas tlow rate 1s 25 sccm; the
flow rate of dimitrogen monoxide (N,O) 1s 1000 sccm; the
pressure 1s 133.3 Pa; the electric power 1s 35 W; and the power
source frequency 1s 13.56 MHz.

Further, FIG. 6B shows results of electrical characteristics
of a thin film transistor manufactured using the inorganic
insulating film including silicon oxide formed on the oxide
semiconductor layer under the following conditions: the sub-
strate temperature 1s 300° C.; the silane gas flow rate 1s 30
sccm; the flow rate of dimitrogen monoxide (N,O) 1s 700
sccm; the pressure 1s 133.32 Pa; the electric power 1s 80 W;
and the power source frequency 1s 60 MHz. In the case where
FIG. 6 A 1s compared with FI1G. 6B, the subthreshold swing (S
value) of the TFT formed at a substrate temperature o1 200° C.
1s more favorable than the S value of the TFT formed at a
substrate temperature of 300° C.

Furthermore, FI1G. 7 shows results of electrical character-
istics of a thin film transistor manufactured using the 1nor-
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4

ganic msulating film including silicon oxide formed under the
tollowing conditions for comparison: the substrate tempera-
ture 1s 325° C.; the silane gas flow rate 1s 27 sccm; the flow
rate of dinitrogen monoxide (N,O) 1s 1000 sccm; the pressure
1s 133.3 Pa; the electric power 1s 35 W; and the power source
frequency 1s 13.56 MHz. As shown 1n FIG. 7, 1n the case
where the substrate temperature 1s 325° C. which 1s higher
than 300° C., the oxide semiconductor layer 1s changed to a
layer which exhibits high electrical conductivity, and TFT
characteristics, specifically, on-oil characteristics cannot be
obtained.

In addition, although not shown here, the result of the
experiment performed under the condition where the sub-
strate temperature 1s 100° C. 1s similar to the result of the
experiment performed under the condition where the sub-
strate temperature 1s 200° C.

Therefore, from these experimental results, the substrate
temperature at the time of forming the morganic msulating
f1lm 1ncluding silicon oxide on the oxide semiconductor layer
1s less than or equal to 300° C., preferable, greater than or
equal to 100° C. and less than or equal to 150° C.

Moreover, another inorganic mnsulating film including sili-
con oxide 1s formed below the oxide semiconductor layer, and
the oxide semiconductor layer 1s subjected to heat treatment
while beimng sandwiched between the morganic insulating
films including silicon oxide at a temperature higher than the
substrate temperature at the time of forming the inorganic
insulating film on the oxide semiconductor layer, preferably,
300° C. or higher. Note that the substrate temperature at the
time of forming the mmorganic insulating film including sili-
con oxide above the oxide semiconductor layer is set lower
than the substrate temperature at the time of forming the
inorganic insulating film including silicon oxide below the
oxide semiconductor layer. In addition, both the mmorganic
insulating films including silicon oxide provided above and
below the oxide semiconductor layer can be formed by a
plasma CVD method using at least an N,O gas.

In the case where the oxide semiconductor layer i1s sub-
jected to heat treatment at 300° C. or higher while being
covered with an insulating film including silicon oxide, which
has the above densities of hydrogen and nitrogen, the heat
treatment 1s performed only once, whereby electrical charac-
teristics of TFTs can be improved and varation 1n electrical
characteristics of TFT's on a substrate surface can be reduced.
In the case where the heat treatment at 300° C. or higher 1s not
performed even once, it 1s difficult to obtain uniform electri-
cal characteristics of TFT's. Further, 1n the case where the first
heat treatment 1s performed before the msulating film which
covers the oxide semiconductor layer i1s formed, that 1s, 1n a
state where at least a part of the oxide semiconductor layer 1s
exposed and the second heat treatment 1s performed after the
insulating film 1s formed, variation 1n electrical characteris-
tics of TFT's on a substrate surface 1s increased. That 1s, 1in the
case where the 1insulating film 1including silicon oxide, which
has the above densities of hydrogen and nitrogen, 1s formed
on the oxide semiconductor layer, 1f heat treatment 1s per-
formed at 300° C. or higher during a period immediately after
formation of the oxide semiconductor layer and immediately
betfore formation of the insulating film including silicon oxide
on the oxide semiconductor layer, variation in TF'T charac-
teristics 1s 1ncreased.

The above means are not just matters of design but matters
invented as the result of careful examination by the inventors
on the basis of results of several experiments on the timing
and the number of heat treatments.

Further, the structure of the transistor 1s not particularly
limited. For example, in the case where an oxide semicon-
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ductor layer 1s used for a channel region of a thin film tran-
sistor, 11 a gate electrode 1s formed below the oxide semicon-
ductor layer, a bottom gate transistor 1s obtained, and if a gate
clectrode 1s formed above the oxide semiconductor layer, a
top gate transistor 1s obtained. Furthermore, 1f an oxide semi-
conductor layer i1s formed after a gate electrode 1s formed
below the oxide semiconductor layer and a source electrode 1s
formed, a bottom-contact (also called an inverted coplanar)
transistor 1s obtained.

Moreover, steps are performed 1n the following order: an
insulating {ilm including silicon oxide 1s formed on an oxide
semiconductor layer over a substrate; and then heat treatment
1s performed, instead of performing heat treatment during a
period immediately after formation of the oxide semiconduc-
tor layer and immediately before formation of the mnsulating
f1lm mcluding silicon oxide on the oxide semiconductor layer.
As aresult, heat treatment can be performed at a temperature
slightly lower than a temperature at which crystallization
occurs (lower than 700° C.). Note that this heat treatment 1s
performed at a temperature not exceeding the allowable tem-
perature limit of the substrate to be used.

Further, steps are performed in the following order: an
insulating film including silicon oxide 1s formed on an oxide
semiconductor layer over a substrate; and then heat treatment
1s performed, 1nstead of performing heat treatment during a
period immediately after formation of the oxide semiconduc-
tor layer and immediately before formation of the msulating,
f1lm mcluding silicon oxide on the oxide semiconductor layer.
As a result, stable TFT characteristics can be obtained even
when heat treatments are performed at 300° C. or higher a
plurality of times after formation of the mnsulating film 1nclud-
ing silicon oxide.

An oxide semiconductor used in this specification 1s a thin
film represented by InMO,(Zn0O)_ (m>0), and a thin film
transistor 1s manufactured using a thin film of the oxide semi-
conductor as a semiconductor layer. Note that M denotes one
or more of metal elements selected from Ga, Fe, N1, Mn, or
Co. For example, M denotes Ga 1n some cases; meanwhile, M
denotes Ga and any of the above metal elements other than
(7a, such as Ga and N1, or Ga and Fe 1n other cases. The above
oxide semiconductor includes, 1n some cases, a transition
metal element such as Fe or N1 or an oxide of the transition
metal as an impurity element, 1n addition to the metal element
included as M. In this specification, this thin film 1s also called
an In—Ga—7/n—0O-based non-single-crystal film.

Even when an In—Ga—Z7n—0-based non-single-crystal
f1lm 1s formed by a sputtering method and then subjected, for
example, to heat treatment at 200° C. to 500° C., typically
300° C. to 400° C. for 10 minutes to 100 minutes, an amor-
phous structure 1s observed by XRD analysis. Further, when
the In—Ga—7n—0O-based non-single-crystal film 1s sub-
jected to heat treatment at 700° C. or higher without being
covered with an 1nsulating film, a single crystal 1s formed 1n
the In—Ga—7n—0-based non-single-crystal film. There-
fore, 1n the In—Ga—7n—0-based non-single-crystal film,
heat treatment performed at a temperature slightly lower than
a temperature at which crystallization occurs 1s referred to as
heat treatment performed at a temperature where a single
crystal 1s not formed 1n the In—Ga—7Zn—0O-based non-
single-crystal film due to the heat treatment.

As the heat treatment, heat treatment using a furnace (heat
treatment at lower than 700° C., preferably 300° C. to 550° C.
tor 0.1 hours to 5 hours) or a rapid thermal annealing (RTA)
method 1s employed. As the RTA method, a method using a
lamp light source or a method 1n which heat treatment 1s
performed for a short time while a substrate 1s moved 1n a
heated gas can be employed. With the use of the RTA method,
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it 1s also possible to make the time necessary for heat treat-
ment shorter than 0.1 hours. Note that 1n the case where a

glass substrate 1s used as a substrate, heat treatment 15 per-
formed at greater than or equal to 300° C. and less than or
equal to the strain point of the glass substrate.

In addition, the mnsulating film 1ncluding silicon oxide 1s
formed using an inorganic material which has the above den-
sities of hydrogen and nitrogen included 1n the msulating film
including silicon oxide and can be formed by a plasma CVD
method or the like depending on the 1norganic material.

According to one aspect of the invention disclosed in this
specification, a method for manufacturing a semiconductor
device 1ncludes the steps of: forming a gate electrode over a
substrate having an insulating surface; forming a {irst insu-
lating {ilm which covers the gate electrode; forming an oxide
semiconductor layer which overlaps with the gate electrode
with the first insulating film interposed therebetween; form-
ing a second nsulating film which covers the oxide semicon-
ductor layer; and then performing heat treatment at 300° C. or
higher.

In the above manufacturing method, the second insulating,
film 1ncludes at least silicon oxide and the density of hydro-
gen included in the second insulating film is 5x10°°/cm” or
more. Further, the density of hydrogen included 1n the second
insulating film 1s equal to or substantially equal to the density
of hydrogen included 1n the oxide semiconductor layer.

Furthermore, 1n the above manufacturing method, the sec-
ond insulating film includes at least silicon oxide and the
density of nitrogen included 1n the second 1nsulating film 1s
1x10"/cm” or more.

Moreover, in the above manufacturing method, the second
insulating film 1s formed using at least an N,O gas.

In addition, the heat treatment 1s performed before an insu-
lating film 1s formed on the second 1nsulating film or before a
conductive film 1s formed on the second insulating film. Then,
one heat treatment 1s performed at 300° C. or higher, and after
that, TFT characteristics are hardly changed even when heat
treatment 1s performed at 300° C. or higher 1n a later step.
That 1s, steps are performed 1n the following order: a second
insulating film 1s formed on an oxide semiconductor layer
over a substrate and then heat treatment 1s performed, instead
of performing heat treatment during a period immediately
alter formation of the oxide semiconductor layer and imme-
diately before formation of the second msulating film on the
oxide semiconductor layer. As a result, 1t 1s possible to per-
form heat treatments at 300° C. or higher a plurality of times
after the step of forming the second 1nsulating film.

Note that the ordinal numbers such as “first” and “second”
in this specification are used for convenience and do not
denote the order of steps and the stacking order of layers. In
addition, the ordinal numbers in this specification do not
denote any particular names to define the mnvention.

One heat treatment 1s performed after an 1norganic insulat-
ing film 1s formed over an oxide semiconductor layer,
whereby excellent TFT characteristics can be obtained, and
variation in TFT characteristics can be suppressed compared
to a case where heat treatments are performed twice 1n total
betfore and after the mnorganic mnsulating film 1s formed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A to 1D are cross-sectional process views 1llustrat-
ing one embodiment of the present invention;

FI1G. 2 1s a graph showing electrical characteristics of a thin
film transistor according to one embodiment of the present
invention;
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FI1G. 3 1s a graph showing electrical characteristics of a thin
film transistor which 1s a first comparative example;

FI1G. 4 1s a graph showing electrical characteristics of a thin
f1lm transistor which 1s a second comparative example;

FIG. 5 1s a graph showing SIMS analysis results of densi-
ties of hydrogen and nitrogen 1n an insulating layer;

FIGS. 6A and 6B are graphs showing electrical character-
1stics of a thin film transistor according to one embodiment of
the present invention;

FI1G. 7 1s a graph showing electrical characteristics of a thin
film transistor which 1s a comparative example;

FIGS. 8A and 8B are cross-sectional views illustrating a
method for manufacturing a semiconductor device according,
to one embodiment of the present invention;

FIGS. 9A to 9C are cross-sectional views 1llustrating the
method for manufacturing the semiconductor device accord-
ing to one embodiment of the present invention;

FI1G. 10 15 a top view 1llustrating the method for manufac-
turing the semiconductor device according to one embodi-
ment of the present invention;

FIG. 11 1s a top view 1llustrating the method for manufac-
turing the semiconductor device according to one embodi-
ment of the present invention;

FIG. 12 1s a top view 1llustrating the method for manufac-
turing the semiconductor device according to one embodi-
ment of the present invention;

FIG. 13 15 a top view 1llustrating the method for manufac-
turing the semiconductor device according to one embodi-
ment of the present invention;

FIGS. 14A1 and 14A2 and FIGS. 14B1 and 14B2 are
cross-sectional views and top views illustrating the semicon-
ductor device according to one embodiment of the present
invention;

FIG. 15 1s a top view 1llustrating a semiconductor device
according to one embodiment of the present invention;

FI1G. 16 1s a top view illustrating a pixel circuit according to
one embodiment of the present invention;

FIGS. 17A to 17C are cross-sectional views each 1llustrat-
ing one embodiment of the present invention;

FIGS. 18A and 18B are a cross-sectional view and an
external view each illustrating one embodiment of the present
invention;

FIGS. 19A and 19B are external views eachillustrating one
embodiment of the present invention; and

FIGS. 20A and 20B are external views eachillustrating one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
below with reference to the accompanying drawings. Note
that the present invention i1s not limited to the following
description of the embodiments, and 1t 1s readily appreciated
by those skilled 1n the art that modes and details of the present
invention can be modified 1n a variety ol ways. In addition, the
present invention 1s not construed as being limited to the
tollowing description of the embodiments.

(Embodiment 1)

First, a gate electrode layer 401 1s formed over a substrate
400 having an 1msulating surface, and a gate insulating layer
403 which covers the gate electrode layer 401 1s formed.

The gate electrode layer 401 can be formed with a single
layer or a stacked layer using a metal material such as alumi-
num, copper, molybdenum, titanium, chromium, tantalum,
tungsten, neodymium, or scandium; an alloy material which
contains any of these metal materials as a main component; or
a nitride which contains any of these metal materials.
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For example, a stacked structure of the gate electrode layer
401 1s preferably a two-layer structure where a molybdenum
layer 1s stacked over an aluminum layer, a two-layer structure
where a molybdenum layer 1s stacked over a copper layer, a
two-layer structure where a titanium nitride layer or a tanta-
lum nitride layer 1s stacked over a copper layer, or a two-layer
structure where a titantum mitride layer and a molybdenum
layer are stacked. Alternatively, a three-layer structure where
a tungsten layer or a tungsten nitride layer, an aluminum-
silicon alloy layer or an aluminum-titanium alloy layer, and a
titanium nitride layer or a titanium layer are stacked 1s pret-
crable.

In this embodiment, a conductive film 1s formed to a thick-
ness of 150 nm by a sputtering method using a tungsten target.

The gate insulating layer 403 1s formed by a plasma CVD
method or a sputtering method. The gate insulating layer 403
can be formed with a single layer or a stacked layer using any
of a silicon oxide layer, a silicon nitride layer, a silicon oxyni-
tride layer, and a silicon mitride oxide layer by a CVD method,
a sputtering method, or the like. In the case of the stacked
layer, it 1s preferable that the gate insulating layer 403
includes at least a film 1ncluding silicon oxide 1n contact with
an oxide semiconductor layer to be formed later. Alterna-
tively, the gate insulating layer 403 can be formed of a silicon
oxide layer by a CVD method using an organosilane gas.

In this embodiment, an insulating film 1s formed to a thick-
ness of 200 nm by a plasma CVD method. The msulating film
1s formed under the following conditions: the silane gas flow
rate 1s 4 sccm; the tlow rate of dimitrogen monoxide (N,O) 1s
800 sccm; and the substrate temperature 1s 400° C.

Next, as 1llustrated 1n FIG. 1A, an oxide semiconductor
layer 405 1s formed at a position where the oxide semicon-
ductor layer 405 overlaps with a gate electrode with a gate
insulating film interposed therebetween. An oxide semicon-
ductor film 1s formed by a sputtering method and then etched
selectively by using a resist mask formed by selective light
exposure, so that the oxide semiconductor layer 405 can be
obtained.

As the oxide semiconductor which 1s applied to the oxide
semiconductor layer 403, any of the following oxide semi-
conductors can be applied: an In—Ga—~7n—0-based oxide
semiconductor, an In—Sn—7/n—0O-based oxide semicon-
ductor, an Sn—Ga—/n—0-based oxide semiconductor, an

In—7n—0O-based oxide semiconductor, an Sn—7/n—O-
based oxide semiconductor, an In—O-based oxide semicon-
ductor, an Sn—O-based oxide semiconductor, and a Zn—O-

based oxide semiconductor. Moreover, 1in order for the oxide
semiconductor layer 405 to avoid crystallization, an oxide
semiconductor layer including silicon oxide may be formed
as the oxide semiconductor layer 405 by using an oxide
semiconductor target including S10 . .

In this embodiment, as the oxide semiconductor layer 405,
an In—Ga—7n—0-based non-single-crystal film with a
thickness of 50 nm, which 1s obtained by a sputtering method
using an oxide semiconductor target including indium (In),
galllum (Ga), and zinc (Zn) (In,0,:Ga,0,:ZnO=1:1:1 1n a
molar ratio), 1s used. In this embodiment, a DC sputtering
method 1s employed, a flow rate of argon 1s 30 sccm, a flow
rate of oxygen 1s 15 sccm, and a substrate temperature 1s a
room temperature.

Next, a conductive film 1s formed over the gate insulating
layer 403 and the oxide semiconductor layer 4035. As
examples of a material for the conductive film, an element
selected from Al, Cr, Ta, T1, Mo, and W; an alloy including
any of the above elements as a component; an alloy film
including a combination of any of the above elements; and the
like can be given. Further, the conductive film may include
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neodymium (Nd), scandium (Sc), and silicon (S1). Further-
more, the conductive film 1s formed using a nitride including,
any of the above elements as a component.

In this embodiment, the conductive film has a stacked
structure of a titanium film and an aluminum film. In addition,
the conductive film may have a single-layer structure or a
stacked structure of three or more layers where another film 1s
further stacked over the aluminum film. In this embodiment,
a three-layer structure of a titanium film with a thickness o1 50
nm, a pure aluminum film with a thickness of 200 nm, and an
aluminum alloy film with a thickness of 50 nm 1s employed.
Note that the substrate temperature when the conductive film
1s formed 1s a room temperature.

After the conductive film 1s formed, a resist mask 1s formed
by a photolithography step and an unnecessary portion 1s
removed by etching, so that a source electrode layer 409 and
a drain electrode layer 410 are formed.

Moreover, etching of the oxide semiconductor layer 405 at
the same time as etching 1n formation of the source electrode
layer 409 and the drain electrode layer 410 or etching of the
oxide semiconductor layer 405 with the source electrode
layer 409 and the drain electrode layer 410 used as masks 1s
performed. A part of an exposed region of the oxide semicon-
ductor layer 405 1s etched so that a state illustrated 1n FIG. 1B
can be obtained.

Next, as illustrated in FIG. 1C, an insulating film 452
including silicon oxide 1s formed over the source electrode
layer 409 and the drain electrode layer 410. The insulating
f1lm 452 including silicon oxide 1s 1n contact with a part (an
exposed region) ol the oxide semiconductor layer 405.
According to a SIMS analysis, the density of hydrogen
included in the msulating film 452 including silicon oxide 1s
5x10°°/cm’ or more. Further, the density of nitrogen included
in the insulating film 452 including silicon oxide, which
covers the oxide semiconductor layer, is 1x10"”/cm” or more.
The insulating {ilm 452 including silicon oxide, which covers
the oxide semiconductor layer and whose densities of hydro-
gen and nitrogen are 5x10”°/cm” or more and 1x10""/cm” or
more, respectively, 1s formed by a CVD method, a sputtering,
method, or the like. Furthermore, the insulating film 4352
including silicon oxide may have a stacked structure.

In this embodiment, as the mnsulating film 452 including
s1licon oxide, an mnsulating film including silicon oxide with
a thickness of 300 nm 1s formed by a plasma CVD method.
The insulating film 4352 including silicon oxide 1s formed
under the following conditions: the silane gas tlow rate 1s 25
sccm; the flow rate of dinitrogen monoxide (N,O) 1s 1000
sccm; the pressure 1s 133 Pa; and the substrate temperature 1s
200° C.

After the msulating film 452 including silicon oxide 1s
formed, heat treatment (including photo-annealing) 1s per-
formed at 300° C. to 600° C. as 1llustrated 1n FIG. 1D. Here,
heat treatment 1s performed 1n a furnace at 350° C. for one
hour 1n an air atmosphere. Through this heat treatment, rear-
rangement at the atomic level occurs 1n the In—Ga—7n—
O-based non-single-crystal film to form an oxide semicon-
ductor layer 450. In addition, through this heat treatment,
defects included 1n the insulating film 452 including silicon
oxide are reduced.

FIG. 2 shows electrical characteristics of the thin film

transistor obtained through the above steps.
Table 1 shows densities of hydrogen and nitrogen 1n the
insulating film 432 including silicon oxide according to a

SIMS analysis.
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TABLE 1
heat density of density of density of
treatment hydrogen in the hydrogen nitrogen in the
at oxide in the oxide density of
350°C. semiconductor insulating semiconductor nitrogen in the
for one layer film layer insulating film
hour [/cm3] [/cm3] [/cm3] [/cm3]
no 1 x 10 2 x 10%! 2 x 107 1.5 x 107!
yes 1 x 10%? 2 x 10%! 1.5 x 10%° 6 x 10°°

As shown 1n Table 1, the average value of hydrogen den-
sities obtained by a SIMS analysis of the insulating film 452
including silicon oxide is 2x10°'/cm’, and the average value
of densities of nitrogen is 1.5x10*'/cm’. As shown in Table 1,
the density of hydrogen 1n the msulating film 452 including
s1licon oxide 1s not significantly intfluenced by whether or not
heat treatment 1s performed at 350° C. for one hour after the
insulating film 452 including silicon oxide 1s formed. The
density of nitrogen in the insulating film 452 including silicon
oxide, which 1s subjected to heat treatment at 350° C. for one
hour after the msulating film 452 including silicon oxide 1s
formed, is 6x10°"/cm”. The average values of the densities of
hydrogen and mitrogen, according to a SIMS analysis, 1n the
oxide semiconductor layer 450 which 1s subjected to heat
treatment at 350° C. for one hour after the insulating film 452
including silicon oxide is formed are 1x10*'/cm” and 1.5x
10""/cm”, respectively. As shown in Table 1, the densities of
hydrogen and nitrogen in the oxide semiconductor layer are
not significantly influenced by whether or not heat treatment
1s performed.

FIG. 5 shows hydrogen and nitrogen density profiles 1n an
insulating layer (a sample 1), which are measured by second-
ary 1on mass spectrometry (SIMS). In FIG. 3, the horizontal
ax1s represents a depth (nm) and the vertical axis represents a
density (/cm”). In addition, in FIG. 5, the solid line represents
a hydrogen density profile and the dashed line represents a
nitrogen density profile.

As a first comparative example, FIG. 3 shows electrical
characteristics of a thin film transistor which 1s not subjected
to heat treatment after the msulating film 452 including sili-
con oxide 1s formed. Note that other manufacturing steps are
the same as those of the method for manufacturing the thin
film transistor having characteristics shown i FIG. 2. As
shown 1n FIG. 3, 1n the case where heat treatment 1s not
performed, 1t 1s difficult to turn off a thin film transistor even
il a gate voltage 1s changed. Thus, the thin film transistor with
such electrical characteristics has difficulty 1n serving as a
switching element.

As a second comparative example, FI1G. 4 shows electrical
characteristics of a thin film transistor which 1s subjected to

two heat treatments in total. First heat treatment 1s performed
at 350° C. for one hour before the msulating film 452 1nclud-
ing silicon oxide 1s formed, and second heat treatment 1s
turther performed at 350° C. for one hour after the insulating
film 452 including silicon oxide 1s formed. Note that other
manufacturing steps are the same as those of the method for
manufacturing the thin film transistor having characteristics
shown 1n FIG. 2. As shown 1n FIG. 4, 1n the case where two
heat treatments are performed 1n total, variation 1n TFT char-
acteristics 1s 1ncreased. Moreover, off current 1s also
increased in the case where two heat treatments are performed
in total. In addition, 1n the case where two heat treatments are
performed 1n total, the total number of steps 1s also increased;
thus, the time necessary for the whole process 1s also

increased.
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Therelore, 1t 1s effective to perform one heat treatment after
formation of the msulating film 452 including silicon oxide,
which covers the oxide semiconductor layer, in order to
improve film qualities of the oxide semiconductor layer 405
and the msulating film 452 including silicon oxide.

In the second comparative example, the average value of
densities of hydrogen, according to a SIMS analysis, 1n the
insulating film including silicon oxide is 2x10°'/cm?, and the
average value of densities of nitrogen is 1.5x10”"/cm”.
(Embodiment 2)

In this embodiment, an example where heat treatment 1s
performed by using a lamp light source 1s described.

Other than use of a lamp light source 1n heat treatment,
steps are the same as those in Embodiment 1; thus, the
detailed description 1s omitted.

Heat treatment 1s performed by using a lamp light source
alter formation of the msulating film 4352 including silicon
oxide, which covers the oxide semiconductor layer. Note that
the densities of hydrogen and nitrogen included 1n the 1nsu-
lating film 452 including silicon oxide, which covers the
oxide semiconductor layer, are 5x10°°/cm” or more and
1x10"”/cm” or more, respectively. This heat treatment is per-
formed 1n an air atmosphere or in a nitrogen atmosphere. Note
that the step 1n which a lamp light source 1s turned on and off
repeatedly 1s also regarded as one heat treatment.

As the lamp light source, a halogen lamp, a metal halide
lamp, a xenon arc lamp, a carbon arc lamp, a high-pressure
sodium lamp, or a high-pressure mercury lamp 1s used. As the
method for heat treatment using intense light emitted from the
above light source, a heat treatment technique by which heat
treatment 1s performed by applying heat instantaneously for
several microseconds to several tens of seconds, which 1s
called rapid thermal annealing (hereinaiter also referred to as
RTA), 1s employed.

The time necessary for heat treatment by using the lamp
light source can be shorter than the time necessary for heat
treatment by using a furnace or a hot plate. Also 1n the case of
using the lamp light source, both temperatures of the oxide
semiconductor layer and the insulating film 452 including
s1licon oxide are set 1n the range of 300° C. to 600° C.

Further, since the heat treatment time 1s short, crystalliza-
tion of the oxide semiconductor layer does not occur easily
and the oxide semiconductor layer can maintain an amor-
phous structure. Furthermore, since heat treatment 1s per-
formed with the oxide semiconductor layer covered with the
insulating film 452 including silicon oxide, crystallization of
the oxide semiconductor layer does not occur easily.

In addition, the msulating film 4352 including silicon oxide,
which has the above densities of hydrogen and nitrogen, 1s
tormed on the oxide semiconductor layer, and heat treatment
1s not performed at 300° C. or higher during a period imme-
diately after formation of the oxide semiconductor layer and
immediately before formation of the insulating film 452
including silicon oxide on the oxide semiconductor layer.
Thus, even when heat treatment 1s performed at 300° C. to
600° C. after formation of the 1nsulating film 452 including
silicon oxide, variation in TFT characteristics can be sup-
pressed.

This embodiment can be combined with Embodiment 1 as
appropriate.

(Embodiment 3)
In this embodiment, a thin film transistor and a manufac-

turing method thereof are described with reference to FIGS.
8A and 8B, FIGS. 9A to 9C, FIG. 10, FIG. 11, FIG. 12, FIG.

13, and FIGS. 14A1 and 14A2 and FIGS. 14B1 and 14B2.
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In FIG. 8A, a glass substrate formed of barium borosilicate
glass, aluminoborosilicate glass, or the like can be used as a
substrate 100 having a light-transmitting property.

Next, after a conductive layer 1s formed over an entire
surface of the substrate 100, a resist mask 1s formed by a first
photolithography step. Then, unnecessary portions are
removed by etching, thereby forming wirings and electrodes
(a gate wiring including a gate electrode 101, a capacitor
wiring 108, and a first terminal 121). At this time, etching 1s
performed so that at least an end portion of the gate electrode
101 1s tapered. FIG. 8A 1illustrates a cross-sectional view at
this stage. Note that FIG. 10 1s a top view at this stage.

The gate wiring including the gate electrode 101, the
capacitor wiring 108, and the first terminal 121 1n the terminal
portion are formed using an element selected from titanium
(T1), tantalum (Ta), tungsten (W), molybdenum (Mo), chro-
mium (Cr), neodymium (Nd), aluminum (Al), copper (Cu);
an alloy including any of the above elements as a component;
an alloy film including a combination of any of the above
clements; or a nitride film 1ncluding any of the above ele-
ments as a component.

Then, a gate insulating layer 102 1s formed over an entire
surface of the gate electrode 101. The gate insulating layer
102 1s formed to a thickness of 50 nm to 250 nm by a sput-
tering method or the like.

For example, as the gate insulating layer 102, a 100-nm-
thick silicon oxide film 1s formed by a PCVD method or a
sputtering method. It 1s needless to say that the gate insulating
layer 102 1s not limited to such a silicon oxide film and may
have a single-layer structure or a stacked structure of layers
including another msulating film, such as a silicon oxynitride
film, a silicon nitride film, an aluminum oxide film, or a
tantalum oxide film. Note that 1n the case where the gate
insulating layer 102 has a single-layer structure, the gate
insulating layer 102 1s preferably formed of a silicon oxide
f1lm or a silicon oxynitride film because it 1s in contact with
the oxide semiconductor layer to be formed later. In the case
where the gate mnsulating layer 102 has a stacked structure, a
silicon oxide film or a silicon oxynitride film 1s preferably
used as a layer i contact with the oxide semiconductor layer
to be formed later.

Next, a conductive film 1s formed using a metal material
over the gate insulating layer 102 by a sputtering method or a
vacuum evaporation method. As examples of a material for
the conductive film, an element selected from Al, Cr, Ta, Ti,
Mo, and W; an alloy 1including any of the above elements as a
component; an alloy film including a combination of any of
the above elements; and the like can be given. Here, the
conductive film 1s formed by stacking an aluminum (Al) film
and a titanium (11) {ilm 1n this order. Alternatively, the con-
ductive film may have a two-layer structure where a titanium
f1lm 1s stacked over a tungsten film. Further alternatively, the
conductive film may have a single-layer structure of an alu-
minum film including silicon or a tungsten film.

Next, a first oxide semiconductor film (a first In—Ga—
/n—O0-based non-single-crystal film 1n this embodiment) 1s
formed over the conductive film by a sputtering method.
Here, sputtering deposition 1s performed under the following
conditions: the target 1s In,05:Ga,05:Zn0O=1:1:1 1n molar
ratio; the pressure 1s 0.4 Pa; the electric power 1s 500 W; the
deposition temperature 1s a room temperature; and the argon
gas flow rate 1s 40 sccm. Although the target of In,O4:Ga,Os;:
/Zn0O=1:1:1 1n molar ratio 1s used intentionally, an In—Ga—
/n—0O-based non-single-crystal film including crystal grains
with a size of 1 nm to 10 nm may be formed immediately after
the deposition. By adjusting the target composition ratio, the
deposition pressure (0.1 Pa to 2.0 Pa), the electric power (250
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W to 3000 W: 8 inches), the temperature (room temperature
to 100° C.), a deposition condition of reactive sputtering, or
the like as approprnate, the presence or absence of the crystal
grains and the density of the crystal grains can be controlled
and the diameter of the crystal grain can be adjusted within
the range of 1 nm to 10 nm. The first In—Ga—Zn—0O-based
non-single-crystal {ilm has a thickness of 5 nm to 20 nm. It 1s
needless to say that in the case where the first In—Ga—Z7n—
O-based non-single-crystal film 1ncludes a crystal grain, the
s1ze of the crystal grain does not exceed the film thickness. In
this embodiment, the thickness of the first In—Ga—Z7Zn—O-
based non-single-crystal film 1s 5 nm.

Next, a resist mask 1s formed by a second photolithography
step, and the first In—Ga—Z7n—0-based non-single-crystal
film 1s etched. In this embodiment, wet etching using 1TO-
0/N (manufactured by Kanto Chemical Co., Inc.) 1s per-
formed to remove an unnecessary portion, so that first
In—Ga—7n—0-based non-single-crystal films 111a and
1115 are formed. Note that etching here 1s not limited to wet
ctching and may be dry etching.

Next, with the use of the same resist mask as used for the
ctching of the first In—Ga—7n—0O-based non-single-crystal
film, an unnecessary portion 1s removed by etching to form a
source electrode layer 105a and a drain electrode layer 1055.
Either a wet etching or a dry etching 1s employed 1n this
etching step. Here, dry etching using a mixed gas of SiCl,,
Cl,, and BCl; as a reactive gas 1s performed to etch the
conductive film in which the Al film and the Ti film are
stacked, so that the source electrode layer 1054 and the drain
clectrode layer 10556 are formed. FI1G. 8B 1llustrates a cross-
sectional view at this stage. Note that FIG. 11 1s a top view at
this stage.

In the second photolithography step, a second terminal 122
formed using the same material as the material of the source
clectrode layer 105a and the drain electrode layer 1055 1s lett
in the terminal portion. Note that the second terminal 122 1s
clectrically connected to a source wiring (a source wiring
including the source electrode layer 1054a). In the terminal
portion, a first In—Ga—7n—0O-based non-single-crystal
film 123 which 1s located above the second terminal 122 and
overlapped with the second terminal remains.

In a capacitor portion, a capacitor electrode layer 124
which 1s formed using the same material as the material of the
source electrode layer 105a and the drain electrode layer
1056 remains. In addition, 1n the capacitor portion, a first
In—Ga—7n—0-based non-single-crystal film 111¢ which
1s located above the capacitor electrode layer 124 and over-
lapped with the capacitor electrode layer 124 remains.

Next, the resist mask 1s removed, and then, a second oxide
semiconductor film (a second In—Ga—Z7/n—0O-based non-
single-crystal film in this embodiment) 1s formed without
exposure to the air. Formation of the second In—Ga—Z7n—
O-based non-single-crystal film without exposure to the air
alter plasma treatment 1s etfective in preventing dust and the
like from attaching to the interface between the gate isulat-
ing layer and the semiconductor film. Here, the second
In—Ga—7/n—O0O-based non-single-crystal film 1s formed 1n
an argon or oxygen atmosphere under the following condi-
tions: the target 1s an oxide semiconductor target including In,
Ga, and Zn (In,0,:Ga,05:Zn0=1:1:1) with a diameter of 8
inches; the distance between the substrate and the target is
1’70 mm; the pressure 1s 0.4 Pa; and the direct current (DC)
power supply 1s 0.5 kW. Note that a pulse direct current (DC)
power supply 1s preferable because dust (powder or tlake-like
substances formed at the time of the film formation) can be
reduced and the film thickness can be uniform. The second
In—Ga—7n—0-based non-single-crystal film 1s formed to a
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thickness of 5 nm to 200 nm. In this embodiment, the thick-
ness of the second In—Ga—7n—0O-based non-single-crystal
{1lm 1s 100 nm.

The second In—Ga—Z7n—O-based non-single-crystal
{1lm 1s formed under conditions different from the conditions
for the first In—Ga—7n—0O-based non-single-crystal film,
so that the second In—Ga—Zn—0O-based non-single-crystal
f1lm has a higher electrical resistance than the first In—Ga—
/n—0O-based non-single-crystal film. For example, the sec-
ond In—Ga—7n—O0O-based non-single-crystal {film 1s
formed under conditions where the ratio of an oxygen gas
tlow rate to an argon gas flow rate 1s higher than the ratio of an
oxygen gas flow rate to an argon gas flow rate of the condi-
tions for the first In—Ga—Z7n—0O-based non-single-crystal
film. Specifically, the first In—Ga—7Zn—0O-based non-
single-crystal film 1s formed 1n a rare gas (e.g., argon or
helium) atmosphere (or an atmosphere, less than or equal to
10% of which 1s an oxygen gas and greater than or equal to
90% ofwhich 1s an argon gas), and the second In—Ga—7Zn—
O-based non-single-crystal film 1s formed 1n an oxygen
mixed atmosphere (an oxygen gas flow rate 1s higher than a
rare gas flow rate).

Next, a resist mask 1s formed by a third photolithography
step and an unnecessary portion 1s removed by etching, so that
a semiconductor layer 103 1s formed. In this embodiment, wet
etching using I'TO-07N (manufactured by Kanto Chemical
Co., Inc.) 1s performed to remove parts of the second
In—Ga—7/n—O0O-based non-single-crystal film, so that the
semiconductor layer 103 1s formed. Note that the first
In—Ga—7n—0-based non-single-crystal film and the sec-
ond In—Ga—7n—0-based non-single-crystal film can be
ctched by the same etchant; thus, the first In—Ga—~7Zn—O0-
based non-single-crystal film 1s removed by this etching.
Theretore, a portion of the first In—Ga—Zn—0O-based non-
single-crystal film, which 1s covered with the second
In—Ga—7n—0-based non-single-crystal {ilm, 1s protected,
whereas, as 1llustrated in FIG. 9A, parts of the first In—Ga—
/n—0O-based non-single-crystal films 111q and 1115, which
are exposed to the outside, are etched, so that a source region
1044a and a drain region 1045 are formed. Note that etching of
the semiconductor layer 103 1s not limited to wet etching and
may be dry etching. Through the above steps, a thin film
transistor 170 including the semiconductor layer 103 as a
channel formation region can be manufactured. FIG. 9A 1llus-
trates a cross-sectional view at this stage. Note that FIG. 12 1s
a top view at this stage.

Next, the resist mask 1s removed, and a protective isulat-
ing film 107 1s formed to cover the semiconductor layer. Note
that the density of hydrogen included 1n the protective 1nsu-
lating film 107 in contact with the semiconductor layer is
5%10*°/cm” or more. Moreover, the density of nitrogen
included in the protective isulating film 107 1n contact with
the semiconductor layer is 1x10"”/cm” or more. The method
for forming the protective msulating film 107 1s not particu-
larly limited as long as the protective insulating film 107 has
the above densities of hydrogen and nitrogen, and the protec-
tive insulating film 107 can be formed by a plasma CVD
method or a sputtering method, for example. The protective
insulating film 107 1s formed using a silicon oxide film or a
s1licon oxynitride film. Note that the substrate temperature 1s
300° C. or lower at the time of forming the protective 1nsu-
lating film 107.

Next, after the protective msulating film 107 1s formed.,
heat treatment 1s preferably performed at 300° C. to 600° C.,
typically, 300° C. to 500° C. Here, heat treatment 1s per-
formed 1n a furnace at 350° C. for one hour 1n a nitrogen
atmosphere or an air atmosphere. Through this heat treat-




US 8,936,963 B2

15

ment, rearrangement at the atomic level occurs i the
In—Ga—7n—0-based non-single-crystal film. Since strain
energy which inhibits carrier movement is released by the
heat treatment, the heat treatment (including light annealing)
1s important.

Then, a resist mask 1s formed by a fourth photolithography
step and the protective insulating film 107 1s etched, so that a
contact hole 125 which reaches the drain electrode layer 10556
1s formed. Further, a contact hole 127 which reaches the
second terminal 122 1s formed 1n the same etching step.
Furthermore, a contact hole 109 which reaches the capacitor
clectrode layer 124 1s formed 1n the same etching step. Note
that 1n order to reduce the number of masks, the gate msulat-
ing layer 1s preferably etched using the same resist mask so
that a contact hole 126 which reaches the gate electrode 1s
formed using the same resist mask. FIG. 9B illustrates a
cross-sectional view at this stage.

Next, the resist mask 1s removed, and then a transparent
conductive f1lm 1s formed. The transparent conductive film 1s
formed using indium oxide (In,0,), an alloy of indium oxide
and tin oxide (In,O;—SnO,, abbreviated as I'TO), or the like
by a sputtering method, a vacuum evaporation method, or the
like. Etching treatment of such a material 1s performed with a
hydrochloric acid based solution. Instead, since a residue
tends to be generated particularly 1n etching of ITO, an alloy
of indium oxide and zinc oxide (In,O;—7n0O) may be used 1n
order to improve etching processability.

Next, a resist mask 1s formed by a fifth photolithography
step and an unnecessary portion is removed by etching, so that
a pixel electrode 110 15 formed.

In the fifth photolithography step, a storage capacitor 1s
tormed with the capacitor electrode layer 124 and the capaci-
tor wiring 108, 1n which the gate insulating layer 102 1n the
capacitor portion 1s used as a dielectric. The pixel electrode
110 1s electrically connected to the capacitor electrode layer
124 through the contact hole 109.

In addition, in the fifth photolithography step, the first
terminal and the second terminal are covered with the resist
mask, and transparent conductive films 128 and 129 are left in
the terminal portions. The transparent conductive films 128
and 129 serve as electrodes or wirings which are used for
connection with an FPC. The transparent conductive film 129
formed over the second terminal 122 1s a connection terminal
clectrode which functions as an input terminal of the source
wiring.

Then, the resist mask 1s removed, and a cross-sectional
view at this stage 1s illustrated in FIG. 9C. Note that FIG. 13
1s a top view at this stage.

FIGS. 14A1 and 14 A2 illustrate a cross-sectional view of a
gate wiring terminal portion at this stage and a top view
thereol, respectively. FIG. 14A1 1s a cross-sectional view
taken along a line C1-C2 1 FIG. 14A2. In FIG. 14Al, a
transparent conductive film 155 formed over a protective
insulating film 154 1s a connection terminal electrode which
functions as an input terminal. In the terminal portion 1n FIG.
14 A1, a first terminal 151 formed using the same material as
the material of the gate wiring and a connection electrode 153
formed using the same material as the material of the source
wiring overlap each other with a gate isulating layer 152
interposed therebetween and are electrically connected
through the transparent conductive film 155. Note that a por-
tion where the transparent conductive film 128 and the first
terminal 121 are 1n contact with each other as illustrated in
FIG. 9C corresponds to a portion where the transparent con-
ductive film 155 and the first terminal 151 are 1n contact with

each other in FIG. 14A1.
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FIGS. 14B1 and 14B2 illustrate a cross-sectional view of a
source wiring terminal portion which 1s different from the
source wiring terminal portion illustrated 1in FIG. 9C and a top
view thereot, respectively. FIG. 14B1 1s a cross-sectional
view taken along a line D1-D2 1n 14B2. In FIG. 14B1, the
transparent conductive film 155 formed over the protective
insulating film 154 1s a connection terminal electrode which
functions as an mput terminal. In the terminal portion in FIG.
14B1, an electrode 156 formed using the same material as the
material of the gate wiring 1s located below and overlapped
with the second terminal 150 electrically connected to the
source wiring with the gate insulating layer 152 interposed
therebetween. The electrode 156 1s not electrically connected
to the second terminal 150, and when the electrode 156 1s set
at a different potential from the second terminal 150, such as
floating, GND, or 0V, a capacitor as a measure against noise
or a capacitor as a measure against static electricity can be
formed. The second terminal 150 1s electrically connected to
the transparent conductive film 155 through the protective
insulating film 154.

A plurality of gate wirings, source wirings, and capacitor
wirings are provided 1n accordance with pixel density. In the
terminal portion, a plurality of first terminals at the same
potential as gate wirings, second terminals at the same poten-
tial as source wirings, third terminals at the same potential as
capacitor wirings, and the like are arranged. The number of
terminals of each type may be optionally determined by a
practitioner as appropriate.

By these five photolithography steps, using five photo-
masks, a pixel portion including the thin film transistor 170
that 1s a bottom-gate n-channel thin film transistor, and a
storage capacitor can be completed. These are arranged 1n
matrix i respective pixels so that a pixel portion 1s formed,
which can be used as one of substrates for manufacturing an
active matrix display device. In this specification, such a
substrate 1s referred to as an active matrix substrate for con-
venience.

In the case of manufacturing an active matrix liquid crystal
display device, a liquid crystal layer 1s provided between an
active matrix substrate and a counter substrate provided with
a counter electrode, and the active matrix substrate and the
counter substrate are fixed to each other. Note that a common
clectrode electrically connected to the counter electrode pro-
vided over the counter substrate 1s provided over the active
matrix substrate, and a fourth terminal electrically connected
to the common electrode 1s provided 1n a terminal portion.
This fourth terminal 1s a terminal for setting the common
clectrode at a fixed potential such as GND or O V.

In the present invention, a pixel structure 1s not limited to
that of FIG. 13, and an example of a top view different from
FIG. 13 1s illustrated in FIG. 15. FIG. 15 illustrates an
example 1 which a capacitor wiring 1s not provided and a
storage capacitor 1s formed with a gate wiring of a first pixel,
a gate 1nsulating layer, and a capacitor electrode layer of a
second pixel adjacent to the first pixel, three of which are
stacked 1n this order, by using the gate insulating layer as a
dielectric. In this case, the capacitor wiring and the third
terminal connected to the capacitor wiring can be omitted. In
addition, the capacitor electrode layer of the second pixel 1s
clectrically connected to a pixel electrode of the second pixel.
Note that 1n FI1G. 15, the same portions as those in FI1G. 13 are
denoted by the same reference numerals.

In an active matrix liquid crystal display device, display
patterns are formed on a screen by driving of pixel electrodes
which are arranged 1in matrix. Specifically, voltage 1s applied
between a selected pixel electrode and a counter electrode
corresponding to the pixel electrode, and thus, a liquid crystal
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layer disposed between the pixel electrode and the counter
clectrode 1s optically modulated. The optical modulation can
be recognized as a display pattern by an observer.

A liquad crystal display device has a problem 1n that, when
displaying a moving image, image sticking occurs or the
moving image 1s blurred because the response speed of liquid
crystal molecules themselves 1s low. As a technique for
improving moving image characteristics of a liquid crystal
display device, there 1s a driving technique which 1s so-called
black insertion by which an entirely black image 1s displayed
every other frame.

Further, there 1s another driving technique which 1s so-
called double-frame rate driving. In the double-frame rate
driving, a vertical synchronizing frequency 1s 1.5 times or
more or, preferably, 2 times or more as high as a usual vertical
synchronizing frequency, whereby moving image character-
1stics are improved.

Furthermore, as a techmque for improving moving image
characteristics of a liquid crystal display device, there is
another driving technique 1in which, as a backlight, a surface
light source including a plurality of light-emitting diode
(LED) light sources or a plurality of EL light sources 1s used,
and each light source included in the surface light source 1s
independently driven so as to perform intermittent lightning
in one frame period. As the surface light source, three or more
kinds of LEDs may be used, or a white-light-emitting LED
may be used. Since a plurality of LEDs can be controlled
independently, the timing at which the LEDs emit light can be
synchronized with the timing at which optical modulation of
a liquid crystal layer 1s switched. In this driving techmque,
part of LEDs can be turned oiff. Therefore, especially 1in the
case of displaying an 1image 1n which the proportion of a black
image area in one screen 1s high, a liquid crystal display
device can be driven with low power consumption.

When combined with any of these driving techniques, a
liquid crystal display device can have better display charac-
teristics such as moving image characteristics than conven-
tional liquid crystal display devices.

The n-channel transistor obtained in this embodiment
includes an In—Ga—Z7/n—0O-based non-single-crystal semi-
conductor layer as a channel formation region and has excel-
lent dynamic characteristics; thus, 1t can be combined with
these driving techniques.

In the case of manufacturing a light-emitting display
device, one electrode (also referred to as a cathode) of an
organic light-emitting element 1s set at a low power supply
potential such as GND or 0 V; thus, a fourth terminal for
setting the cathode at a low power supply potential such as
GND or OV 1s provided 1n a terminal portion. Moreover, inthe
case of manufacturing a light-emitting display device, a
power supply line 1s provided 1n addition to a source wiring,
and a gate wiring. Accordingly, a fifth terminal which 1s
clectrically connected to the power supply line 1s provided 1n
a terminal portion.

In this embodiment, the thin film transistor has a stacked
structure ol a gate electrode layer, a gate msulating layer,
source and drain electrode layers, source and drain regions
(an oxide semiconductor layer including In, Ga, and Zn), and
a semiconductor layer (an oxide semiconductor layer includ-
ing In, Ga, and Zn) and 1s subjected to heat treatment after
formation of the protective mnsulating film, whereby variation
in electrical characteristics can be reduced.

According to this embodiment, a thin film transistor with
high on-oil ratio can be obtained, so that a thin film transistor
having excellent dynamic characteristics can be manufac-
tured. Theretfore, a semiconductor device which includes thin
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f1lm transistors having excellent electrical characteristics and
high reliability can be provided.
(Embodiment 4)

In this embodiment, an example of a light-emitting display
device 1s described as a semiconductor device. As a display
clement included 1n a display device, a light-emitting element
utilizing electroluminescence 1s described here. Light-emit-
ting elements utilizing electroluminescence are classified
according to whether a light-emitting material 1s an organic
compound or an mnorganic compound. In general, the former
1s referred to as an organic EL element, and the latter is
referred to as an inorganic EL element.

In an organic EL element, by application of voltage to a
light-emitting element, electrons and holes are separately
injected from a pair of electrodes mto a layer including a
light-emitting organic compound, and current tlows. The car-
riers (electrons and holes) are recombined, and thus, the light-
emitting organic compound 1s excited. The light-emitting
organic compound returns to a ground state from the excited
state, thereby emitting light. Owing to such a mechamsm, this
light-emitting element 1s referred to as a current-excitation
light-emitting element.

The morganic EL elements are classified according to their
clement structures mto a dispersion-type 1norganic EL ele-
ment and a thin-film inorganic EL element. A dispersion-type
inorganic EL. element has a light-emitting layer where par-
ticles of a light-emitting material are dispersed 1n a binder,
and 1ts light emission mechanism 1s donor-acceptor recoms-
bination type light emission that utilizes a donor level and an
acceptor level. A thin-film 1morganic EL element has a struc-
ture where a light-emitting layer 1s sandwiched between
dielectric layers, which are further sandwiched between elec-
trodes, and 1ts light emission mechanism 1s localized type
light emission which utilizes inner-shell electron transition of
metal 1ons. Note that description 1s made here using an
organic EL element as a light-emitting element.

FIG. 16 1llustrates an example of a pixel structure to which
digital time grayscale driving can be applied, as an example of
a semiconductor device.

A structure and operation of a pixel to which digital time
grayscale driving can be applied are described. In this
example, one pixel includes two n-channel transistors each of
which includes an oxide semiconductor layer (typically, an
In—Ga—7/n—O0-based non-single-crystal film) as a channel
formation region.

A pixel 6400 includes a switching transistor 6401, a driver
transistor 6402, a light-emitting element 6404, and a capaci-
tor 6403. A gate of the switching transistor 6401 1s connected
to a scan line 6406, a first electrode (one of a source electrode
and a drain electrode) of the switching transistor 6401 1is
connected to a signal line 6405, and a second electrode (the
other of the source electrode and the drain electrode) of the
switching transistor 6401 1s connected to a gate of the driver
transistor 6402. The gate of the driver transistor 6402 1s
connected to a power supply line 6407 through the capacitor
6403, a first electrode of the driver transistor 6402 1s con-
nected to the power supply line 6407, and a second electrode
of the driver transistor 6402 1s connected to a first electrode
(pixel electrode) ol the light-emitting element 6404. A second
clectrode of the light-emitting element 6404 corresponds to a
common electrode 6408. The common electrode 6408 1s elec-
trically connected to a common potential line formed over the
same substrate, and the connection portion may be used as a
common connection portion.

The second electrode (the common electrode 6408) of the
light-emitting element 6404 1s set to a low power supply
potential. Note that the low power supply potential 1s a poten-




US 8,936,963 B2

19

t1al in which the low power supply potential 1s smaller than a
high power supply potential with reference to the high power
supply potential that 1s set to the power supply line 6407. As
the low power supply potential, GND, 0V, or the like may be
employed, for example. A potential difference between the
high power supply potential and the low power supply poten-
tial 1s applied to the light-emitting element 6404 and current
1s supplied to the light-emitting element 6404, so that the
light-emitting element 6404 emits light. Here, in order to
make the light-emitting element 6404 emit light, each poten-
tial 1s set so that the potential difference between the high
power supply potential and the low power supply potential 1s
a forward threshold voltage of the light-emitting element
6404 or higher.

Note that gate capacitance of the driver transistor 6402 may
be used as a substitute for the capacitor 6403, so that the
capacitor 6403 can be omitted. The gate capacitance of the
driver transistor 6402 may be formed between the channel
region and the gate electrode.

In the case of a voltage-input voltage driving method, a
video signal 1s input to the gate of the driver transistor 6402 so
that the driver transistor 6402 1s in either of two states of being,
suificiently turned on and turned off. That 1s, the driver tran-
sistor 6402 operates 1n a linear region. Since the driver tran-
sistor 6402 operates 1n a linear region, a voltage higher than
the voltage of the power supply line 6407 1s applied to the gate
of the driver transistor 6402. Note that a voltage greater than
or equal to “voltage of the power supply line + Vth of the
driver transistor 6402 1s applied to the signal line 6405.

In the case of performing analog grayscale driving instead
of digital time grayscale driving, the same pixel structure as
that in FIG. 16 can be used by changing signal input.

In the case of performing analog grayscale driving, a volt-
age greater than or equal to “forward voltage of the light-
emitting element 6404 + Vth of the driver transistor 6402 1s
applied to the gate of the driver transistor 6402. The forward
voltage of the light-emitting element 6404 indicates a voltage
at which a desired luminance 1s obtained, and higher than the
torward threshold voltage. The video signal by which the
driver transistor 6402 operates 1n a saturation region 1s 1input,
so that current can be supplied to the light-emitting element
6404. In order for the driver transistor 6402 to operate 1n a
saturation region, the potential of the power supply line 6407
1s set higher than the gate potential of the driver transistor
6402. When an analog video signal 1s used, 1t 1s possible to
teed current to the light-emitting element 6404 1n accordance
with the video signal and perform analog grayscale driving.

Note that the pixel structure illustrated in FIG. 16 1s not
limited thereto. For example, a switch, a resistor, a capacitor,
a transistor, a logic circuit, or the like may be added to the
pixel illustrated 1n FIG. 16.

Next, structures of the light-emitting element are described
with reference to FIGS. 17A to 17C. A cross-sectional struc-
ture of a pixel 1s described by taking an n-channel driving TF'T
as an example. Driving TFTs 7001, 7011, and 7021 used for
semiconductor devices illustrated in FIGS. 17A to 17C can be
manufactured 1n a manner similar to the thin film transistor
170 described 1n Embodiment 3 and are thin film transistors
cach including an oxide semiconductor film as a semiconduc-
tor layer.

In order to extract light emitted from the light-emitting
clement, at least one of the anode and the cathode 1s required
to transmit light. A thin film transistor and a light-emitting,
clement are formed over a substrate. A light-emitting element
can have a top emission structure, 1n which light emission 1s
extracted through the surface opposite to the substrate; a
bottom emission structure, i which light emission 1s
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extracted through the surface on the substrate side; or a dual
emission structure, in which light emission 1s extracted
through the surface opposite to the substrate and the surface
on the substrate side. A pixel structure can be applied to a
light-emitting element having any of these emission struc-
tures.

A light-emitting element having a top emission structure 1s
described with reference to FIG. 17A.

FIG. 17A 1s a cross-sectional view of a pixel 1n the case
where the driving TF'T 7001 1s an n-channel TFT and light 1s

emitted from a light-emitting element 7002 to an anode 7005
side. The TFT 7001 includes an In—Ga—7n—0-based non-

single-crystal film 1including silicon oxide as a semiconductor
layer. It the In—Ga—Zn—0-based non-single-crystal film
includes an impurity such as silicon oxide, crystallization of
the oxide semiconductor or generation of microcrystal grains
can be prevented even when the In—Ga—Z7n—0-based non-
single-crystal film 1s subjected to heat treatment at 300° C. to
600° C. In FIG. 17A, a cathode 7003 of the light-emitting
clement 7002 1s electrically connected to the driving TET
7001, and a light-emitting layer 7004 and the anode 7003 are
stacked 1n this order over the cathode 7003. The cathode 7003
can be formed using a variety of conductive materials as long
as they have a low work function and reflect light. For
example, Ca, Al, MgAg, AllLi, or the like 1s preferably used.
The light-emitting layer 7004 may be formed using a single
layer or a plurality of layers stacked. When the light-emitting
layer 7004 1s formed using a plurality of layers, the light-
emitting layer 7004 1s formed by stacking an electron-inject-
ing layer, an electron-transporting layer, a light-emitting
layer, a hole-transporting layer, and a hole-injecting layer 1n
this order over the cathode 7003. It1s notnecessary to form all
of these layers. The anode 7005 1s formed using a light-
transmitting conductive {ilm such as a film of indium oxide
including tungsten oxide, indium zinc oxide icluding tung-
sten oxide, indium oxide including titanmium oxide, indium tin
oxide including titantum oxide, an alloy of indium oxide and
tin oxide, indium zinc oxide, or indium tin oxide to which
s1licon oxide 1s added.

The light-emitting element 7002 corresponds to a region
where the light-emitting layer 7004 1s sandwiched between
the cathode 7003 and the anode 7005. In the case of the pixel
illustrated 1n FIG. 17A, light 1s emitted from the light-emiat-
ting element 7002 to the anode 7005 side as indicated by an
arrow.

Next, a light-emitting element having a bottom emission
structure 1s described with reterence to F1G. 17B. F1IG. 17B 1s
a cross-sectional view of a pixel in the case where the driving
TFT 7011 1s an n-channel transistor and light 1s emitted from
a light-emitting element 7012 to a cathode 7013 side. The
TFT 7011 includes a Zn—O-based oxide semiconductor
including silicon oxide as a semiconductor layer. If the
/n—O0-based oxide semiconductor includes an impurity
such as silicon oxide, crystallization of the oxide semicon-
ductor or generation of microcrystal grains can be prevented
even when the Zn—O-based oxide semiconductor 1s sub-
jected to heat treatment at 300° C. to 600° C. In FIG. 17B, the
cathode 7013 of the light-emitting element 7012 1s formed
over a light-transmitting conductive film 7017 which 1s elec-
trically connected to the driving TFT 7011, and a light-emat-
ting layer 7014 and an anode 7015 are stacked 1n this order
over the cathode 7013. A light-blocking film 7016 for reflect-
ing or blocking light may be formed so as to cover the anode
7015 when the anode 7013 has a light-transmitting property.
For the cathode 7013, a variety of materials can be used as 1n
the case of FIG. 17 A as long as they are conductive materials
having a low work function. The cathode 7013 1s formed to a
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thickness that can transmit light (preferably, approximately 5
nm to 30 nm). For example, an aluminum {ilm with a thick-

ness of 20 nm can be used as the cathode 7013. Similar to the
case of FIG. 17A, the light-emitting layer 7014 may be
formed using either a single layer or a plurality of layers
stacked. The anode 7015 1s not required to transmit light, but
can be formed using a light-transmitting conductive material
as 1n the case of FIG. 17A. As the light-blocking film 7016, a
metal or the like which reflects light can be used, for example;
however, 1t 1s not limited to a metal film. For example, a resin
or the like to which black pigments are added can also be
used.

The light-emitting element 7012 corresponds to a region
where the light-emitting layer 7014 1s sandwiched between
the cathode 7013 and the anode 7015. In the case of the pixel
illustrated 1n FIG. 17B, light 1s emitted from the light-emat-
ting element 7012 to the cathode 7013 side as indicated by an
arrow.

Next, a light-emitting element having a dual emission
structure 1s described with reference to FIG. 17C. In FIG.
17C, a cathode 7023 of a light-emitting element 7022 1s
tormed over a light-transmitting conductive film 7027 which
1s electrically connected to the driving TFT 7021, and a light-
emitting layer 7024 and an anode 7025 are stacked in this
order over the cathode 7023. The TFT 7021 includes an
In—Ga—7/n—O0O-based non-single-crystal film as a semicon-
ductor layer. As in the case of F1G. 17 A, the cathode 7023 can
be formed using a variety of conductive materials as long as
they have a low work function. The cathode 7023 1s formed to
a thickness that can transmit light. For example, an Al film
with a thickness 01 20 nm can be used as the cathode 7023. As
in FIG. 17A, the light-emitting layer 7024 may be formed
using either a single layer or a plurality of layers stacked. The
anode 7025 can be formed using a light-transmitting conduc-
tive material as 1n the case of FIG. 17A.

The light-emitting element 7022 corresponds to a region
where the cathode 7023, the light-emitting layer 7024, and
the anode 7025 overlap with one another. In the case of the
pixel illustrated i FIG. 17C, light 1s emitted from the light-
emitting element 7022 to both the anode 7025 side and the
cathode 7023 side as indicated by arrows.

Note that, although an organic EL element 1s described
here as a light-emitting element, an inorganic EL element can
also be provided as a light-emitting element.

In this embodiment, the example 1s described 1n which a
thin {ilm transistor (a driving TF'T') which controls the driving,
of a light-emitting element 1s electrically connected to the
light-emitting element; however, a structure may be
employed 1n which a TF'T for current control 1s connected
between the driving TFT and the light-emitting element.

In addition, in this embodiment, heat treatment 1s per-
tormed (at 300° C. to 600° C.) after the protective msulating
film 1s formed, so that an adverse eflect on electrical charac-
teristics of the thin film transistor can be suppressed and
variation 1n electrical characteristics can be reduced even
when heat treatment 1s pertormed under the condition where
the baking temperature of a partition wall formed using poly-
imide or the like 1s 300° C. 1n a step where the partition wall
1s formed to prevent a short circuit between anodes 1n adja-
cent light-emitting elements.

Through the above steps, a light-emitting display device (a
display panel) 1n which variation 1n electrical characteristics
1s reduced can be manufactured as a semiconductor device.
(Embodiment 5)

In this embodiment, an example of electronic paper 1s
described as a semiconductor device.
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FIG. 18A 1s a cross-sectional view of active matrix elec-
tronic paper. A thin film transistor 581 used in a display
portion of the semiconductor device can be manufactured in
a manner similar to that of the thin film transistor 170
described in Embodiment 3 and 1s a thin film transistor which
includes an oxide semiconductor film as a semiconductor
layer and has excellent electrical characteristics. In this
embodiment, the thin film transistor which includes a
Sn—7/n—O0-based oxide semiconductor as a semiconductor
layer and has excellent electrical characteristics 1s used.

The electronic paperin FIG. 18 A 1s an example of a display
device using a twisting ball display system. The twisting ball
display system refers to a method 1n which spherical particles
cach colored in black and white are arranged between a first
clectrode layer and a second electrode layer which are elec-
trode layers used for a display element, and a potential dii-
ference 1s generated between the first electrode layer and the
second electrode layer to control orientation of the spherical
particles, so that display 1s performed.

The thin {ilm transistor 581 1s a thin film transistor with a
bottom gate structure, and a source electrode layer or a drain
clectrode layer thereof 1s in contact with a first electrode layer
587 through an opening formed 1n insulating layers 5383, 584,
and 585, whereby the thin film transistor 581 is electrically
connected to the first electrode layer 387. A cavity 594 exists
between the first electrode layer 587 and a second electrode
layer 588. The cavity 594 1s filled with liquid and spherical
particles each having a black region 590aq and a white region
59056. A space around the cavity 594 1s filled with a filler 595
such as a resin (see FIG. 18A).

In this embodiment, the first electrode layer 587 corre-
sponds to a pixel electrode, and the second electrode layer
588 corresponds to a common electrode. The second elec-
trode layer 388 1s electrically connected to a common poten-
tial line provided over the same substrate as the thin film
transistor 581. In the common connection portion, the second
clectrode layer 588 and the common potential line can be
clectrically connected to each other through conductive par-
ticles disposed between a pair of substrates 580 and 596.

Further, instead of the twisting ball, an electrophoretic
clement can also be used. A microcapsule having a diameter
of about 10 um to 200 um 1n which transparent liquid, posi-
tively charged white microparticles, and negatively charged
black microparticles are encapsulated 1s used. In the micro-
capsule which 1s provided between the first electrode layer
and the second electrode layer, when an electric field 1s
applied by the first electrode layer and the second electrode
layer, the white microparticles and the black microparticles
move to opposite sides, so that white or black can be dis-
played. A display element using this principle 1s an electro-
phoretic display element and is called electronic paper. The
clectrophoretic display element has higher reflectance than a
liquid crystal display element, and thus, an auxiliary light 1s
unnecessary, power consumption is low, and a display portion
can be recognized even 1n a dim place. In addition, even when
power 1s not supplied to the display portion, an 1image which
has been displayed once can be maintained. Accordingly, a
displayed image can be stored even 1 a semiconductor device
having a display function (which may be referred to simply as
a display device or a semiconductor device provided with a
display device) 1s distanced from an electric wave source.

Electronic paper can be manufactured by using the thin
film transistor 170 with excellent electrical characteristics,
which 1s obtained through the steps described in Embodiment
3. Electronic paper can be used for electronic devices 1n a
variety of fields as long as they can display data. For example,
clectronic paper can be applied to an electronic book (e-book)
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reader, a poster, an advertisement 1n a vehicle such as a train,
displays of various cards such as a credit card, and the like. An
example of the electronic devices 1s illustrated in FIG. 18B.

FIG. 18B illustrates an example of an electronic book
reader 2700. For example, the electronic book reader 2700
includes two housings, a housing 2701 and a housing 2703.
The housing 2701 and the housing 2703 are combined with a
hinge 2711 so that the electronic book reader 2700 can be
opened and closed with the hinge 2711 as an axis. With such
a structure, the electronic book reader 2700 can be operated
like a paper book.

A display portion 2705 and a display portion 2707 are
incorporated in the housing 2701 and the housing 2703,
respectively. The display portion 2703 and the display portion
2707 may be configured to display one 1mage or different
images. In the case where the display portion 2705 and the
display portion 2707 display different images, for example, a
display portion on the right side (the display portion 2703 1n
FIG. 18B) can display text and a display portion on the left
side (the display portion 2707 1n FIG. 18B) can display graph-
ICS.

FI1G. 18B 1llustrates an example 1n which the housing 2701

1s provided with an operation portion and the like. For
example, the housing 2701 1s provided with a power switch
2721, an operation key 2723, a speaker 2725, and the like.
With the operation key 2723, pages can be turned. Note that a
keyboard, a pointing device, or the like may be provided on
the surface of the housing, on which the display portion 1s
provided. Further, an external connection terminal (an ear-
phone terminal, a USB terminal, a terminal which can be
connected to various cables such as an AC adapter and a USB
cable, or the like), a recording medium 1nsert portion, or the
like may be provided on the back surface or the side surface of
the housing. Further, the electronic book reader 2700 may
have a function of an electronic dictionary.

The electronic book reader 2700 may be configured to
transmit and receive data wirelessly. The structure can be
employed 1n which desired book data or the like 1s purchased
and downloaded from an electronic book server wirelessly.

This embodiment can be implemented in combination with
any structure of the other embodiments as appropriate.
(Embodiment 6)

A semiconductor device including a thin film transistor
using an oxide semiconductor layer can be applied to a variety
of electronic devices (including an amusement machine).
Examples of electronic devices include a television set (also
referred to as a television or a television recerver), a monitor
for a computer or the like, a camera such as a digital camera
or a digital video camera, a digital photo frame, a mobile
phone handset (also referred to as a mobile phone or a mobile
phone device), a portable game console, a portable informa-
tion terminal, an audio reproducing device, a large-sized
game machine such as a pachinko machine, and the like.

FIG. 19A 1llustrates an example of a television set 9601. In
the television set 9601, a display portion 9603 1s incorporated
in a housing. The display portion 9603 can display an 1image.
The structure i which the rear side of the housing 1s sup-
ported by fixing to a wall 9600 1s 1llustrated 1n FIG. 19A.

The television set 9601 can be operated with an operation
switch of the housing or a separate remote controller 9610.
Channels and volume can be controlled with an operation key
9609 of the remote controller 9610 so that an image displayed
on the display portion 9603 can be controlled. Further, the
remote controller 9610 may be provided with a display por-
tion 9607 for displaying data output from the remote control-

ler 9610.
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Note that the television set 9601 1s provided with areceiver,
a modem, and the like. With the recerver, a general television
broadcast can be received. Further, when the television set
9601 1s connected to a communication network by wired or
wireless connection via the modem, one-way (from a trans-
mitter to a recerver) or two-way (between a transmitter and a
receiver or between recervers) data communication can be
performed.

FIG. 19B 1s a portable game machine and includes two
housings, a housing 9881 and a housing 9891, which are
connected with a joint portion 9893 so that the portable game
machine can be opened or folded. A display portion 9882 1s
incorporated 1n the housing 9881, and a display portion 9883
1s incorporated in the housing 9891. In addition, the portable
game machine illustrated 1n FIG. 19B 1s provided with a
speaker portion 9884, a recording medium 1insert portion
9886, an LED lamp 9890, input means (operation keys 9885,
a connection terminal 9887, a sensor 9888 (having a function
of measuring force, displacement, position, speed, accelera-
tion, angular velocity, rotation number, distance, light, liquid,
magnetism, temperature, chemical substance, sound, time,
hardness, electric field, current, voltage, electric power, radial
ray, tlow rate, humidity, gradient, vibration, odor, or infrared
ray), and a microphone 9889), and the like. It 1s needless to
say that the structure of the portable game machine 1s not
limited to that described above. The portable game machine
may have a structure 1n which additional accessory equip-
ment 1s provided as appropriate as long as at least a semicon-
ductor device 1s provided. The portable game machine 1llus-
trated 1n FIG. 19B has a function of reading a program or data
stored 1n a recording medium to display 1t on the display
portion, and a function of sharing information with another
portable game machine by wireless communication. Note
that a function of the portable game machine illustrated in
FIG. 19B 1s not limited to those described above, and the
portable game machine can have a variety of functions.

FIG. 20A 1llustrates an example of a mobile phone handset
1000. The mobile phone handset 1000 1s provided with a
display portion 1002 incorporated 1n a housing 1001, opera-
tion buttons 1003, an external connection port 1004, a speaker
1005, a microphone 1006, and the like.

When the display portion 1002 of the mobile phone hand-
set 1000 illustrated 1n FIG. 20A 1s touched with a finger or the
like, data can be input into the mobile phone handset 1000.
Further, operations such as making calls and texting can be
performed by touching the display portion 1002 with a finger
or the like.

There are mainly three screen modes of the display portion
1002. The first mode 1s a display mode mainly for displaying
an 1mage. The second mode 1s an mput mode mainly for
inputting data such as text. The third mode 1s a display-and-
input mode which 1s a combination of the two modes, that 1s,
a combination of the display mode and the input mode.

For example, 1n the case of making a call or texting, a text
input mode mainly for inputting text 1s selected for the display
portion 1002 so that characters displayed on a screen can be
input. In this case, 1t 1s preferable to display a keyboard or
number buttons on almost all area of the screen of the display
portion 1002,

When a detection device including a sensor for detecting,
inclination, such as a gyroscope or an acceleration sensor, 1s
provided inside the mobile phone handset 1000, display on
the screen of the display portion 1002 can be automatically
changed by determining the orientation of the mobile phone
handset 1000 (whether the mobile phone handset 1000 1s

placed horizontally or vertically).
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The screen modes are changed by touching the display
portion 1002 or using the operation buttons 1003 of the hous-
ing 1001. Alternatively, the screen modes may be changed
depending on the kind of the image displayed on the display
portion 1002.

For example, when a signal of an image displayed on the
display portion 1s moving 1mage data, the screen mode 1s
changed to the display mode. When the signal 1s text data, the
screen mode 1s changed to the input mode.

Further, in the input mode, when 1put by touching the
display portion 1002 1s not performed for a certain period
while a signal detected by the optical sensor in the display
portion 1002 1s detected, the screen mode may be controlled
so as to be changed from the mnput mode to the display mode.

The display portion 1002 may function as an 1image sensor.
For example, an image of a palm print, a fingerprint, or the
like 1s taken when the display portion 1002 1s touched with a
palm or a finger, whereby personal 1dentification can be per-
tormed. Further, by providing a backlight or a sensing light
source which emits a near-infrared light 1n the display por-
tion, an 1mage of a finger vein, a palm vein, or the like can be
taken.

FIG. 20B 1illustrates another example of a mobile phone
handset. The mobile phone handset illustrated 1n FIG. 20B 1s
provided with a display device 9410 having a display portion
9412 and operation buttons 9413 1n a housing 9411 and a
communication device 9400 having operation buttons 9402,
an external mput terminal 9403, a microphone 9404, a
speaker 9405, and a light-emitting portion 9406 which emaits
light when receiving a call 1n a housing 9401. The display
device 9410 having a display function can be detached from
or attached to the communication device 9400 having a tele-
phone function in two directions indicated by arrows. There-
tore, the display device 9410 and the communication device
9400 can be attached to each other along their short axes or
long axes. In the case where only the display function 1is
needed, the display device 9410 can be detached from the
communication device 9400 and used alone. Images or input
data can be transmitted or received by wireless or wire com-
munication between the communication device 9400 and the
display device 9410, each of which has a rechargeable bat-
tery.

This embodiment can be implemented 1n combination with
any structure of the other embodiments as appropriate.

This application 1s based on Japanese Patent Application
serial no. 2009-061607 filed with Japan Patent Office on Mar.
13, 2009, the entire contents of which are hereby incorporated
by reference.

What 1s claimed 1s:
1. A method for manufacturing a semiconductor device
comprising the steps of:

forming an oxide semiconductor layer having an amor-
phous structure over a substrate having an insulating
surface;

forming an inorganic insulating film including silicon
oxide on the oxide semiconductor layer, wherein a sub-
strate temperature 1s less than or equal to 300° C.; and

performing heat treatment at 300° C. or higher after the
inorganic 1nsulating film including silicon oxide 1is
formed,

wherein the oxide semiconductor layer 1s not heated at
300° C. or higher during a period after the formation of
the oxide semiconductor layer and before the formation
of the morganic msulating film.
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2. The method for manufacturing the semiconductor
device according to claim 1, wherein density of hydrogen
included in the inorganic insulating film is 5x10°°/cm’ or
more.

3. The method for manufacturing the semiconductor
device according to claim 1, wherein density of nitrogen
included in the inorganic insulating film is 1x10'7/cm’ or
more.

4. The method for manufacturing the semiconductor
device according to claim 1, wherein the heat treatment 1s
performed 1n an air atmosphere or in a nitrogen atmosphere.

5. The method for manufacturing the semiconductor
device according to claim 1, wherein the tnorganic insulating
film 1s formed using at least an N,O gas.

6. The method for manufacturing the semiconductor
device according to claim 1, wherein the substrate tempera-
ture at the time of forming the morganic 1nsulating film 1s
100° C. or higher and 300° C. or lower.

7. The method for manufacturing the semiconductor
device according to claim 1, wherein the oxide semiconduc-
tor layer includes at least one of indium, gallium, and zinc.

8. The method for manufacturing the semiconductor
device according to claim 1, wherein the oxide semiconduc-
tor layer 1s a thin film represented by InMO,(Zn0O), (m>0)
wherein M denotes one or more of metal elements selected
from Ga, Fe, N1, Mn, or Co.

9. The method for manufacturing the semiconductor
device according to claim 8, wherein M denotes Ga.

10. The method for manufacturing the semiconductor
device according to claim 1, wherein a wiring 1s further
formed on the morganic msulating {ilm after the heat treat-
ment.

11. The method for manufacturing the semiconductor
device according to claim 1, wherein the heat treatment 1s
performed more than once.

12. A method for manufacturing a semiconductor device
comprising the steps of:

forming a gate electrode over a substrate having an insu-

lating surface;

forming a gate insulating layer over the gate electrode;

forming an oxide semiconductor layer having a first amor-

phous structure over the gate insulating layer;

forming a source electrode and a drain electrode over the

oxide semiconductor layer;
forming an inorganic insulating film including silicon
oxide on the oxide semiconductor layer, wherein a sub-
strate temperature 1s less than or equal to 300° C.; and

performing heat treatment at 300° C. or higher and lower
than or equal to a strain point of the substrate after the
inorganic isulating film 1s formed,

wherein the oxide semiconductor layer 1s not heated at

300° C. or higher during a period after the formation of
the oxide semiconductor layer and betfore the formation
of the inorganic insulating film.

13. The method for manufacturing the semiconductor
device according to claim 12, wherein the substrate tempera-
ture at the time of forming the morganic nsulating film 1s
lower than a substrate temperature at the time of forming the
gate msulating layer.

14. The method for manufacturing the semiconductor
device according to claim 12, wherein the oxide semiconduc-
tor layer subjected to the heat treatment has a second amor-
phous structure.

15. The method for manufacturing the semiconductor
device according to claim 12, wherein density of hydrogen
included in the inorganic insulating film is 5x10°°/cm® or
more.
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16. The method for manufacturing the semiconductor
device according to claim 12, wherein density of mitrogen
included in the inorganic msulating film including silicon
oxide 1s 1x10"/cm” or more.

17. The method for manufacturing the semiconductor
device according to claim 12, wherein the heat treatment 1s
performed 1n an air atmosphere or in a nitrogen atmosphere.

18. The method for manufacturing the semiconductor
device according to claim 12, wherein the inorganic isulat-
ing {ilm 1s formed using at least an N,O gas.

19. The method for manufacturing the semiconductor
device according to claim 12, wherein the gate insulating
layer 1s an 1norganic msulating film including silicon oxide
and formed using at least an N,O gas.

20. The method for manufacturing the semiconductor
device according to claim 12, wherein the substrate tempera-
ture at the time of forming the morganic 1nsulating film 1s
100° C. or higher and 300° C. or lower.

21. The method for manufacturing the semiconductor
device according to claim 12, wherein the oxide semiconduc-
tor layer includes at least one of indium, gallium, and zinc.

22. The method for manufacturing the semiconductor
device according to claim 12, wherein the oxide semiconduc-
tor layer 1s a thin film represented by InMO,(Zn0O)_(m>0)
wherein M denotes one or more of metal elements selected
from Ga, Fe, N1, Mn, or Co.

23. The method for manufacturing the semiconductor
device according to claim 22, wherein M denotes Ga.

24. The method for manufacturing the semiconductor
device according to claim 12, wherein a wiring 1s further
formed on the mnorganic insulating film including silicon
oxide after the heat treatment.

25. The method for manufacturing the semiconductor
device according to claim 14, wherein the first amorphous
structure 1s different from the second amorphous structure at
least 1n an atomic arrangement.

26. The method for manufacturing the semiconductor
device according to claim 12, wherein the heat treatment after
the 1norganic mnsulating film 1s performed more than once.

27. A method for manufacturing a semiconductor device
comprising the steps of:

forming an oxide semiconductor layer having a first amor-

phous structure over a substrate having an insulating
surface;

forming a source electrode and a drain electrode over the

oxide semiconductor layer;
forming an inorganic insulating film including silicon
oxide on the oxide semiconductor layer, wherein a sub-
strate temperature 1s less than or equal to 300° C.; and

performing heat treatment at greater than or equal to 300°
C. and less than or equal to a strain point of the substrate
aiter the morganic msulating film 1s formed,
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wherein the oxide semiconductor layer 1s not heated at
300° C. or higher during a period after the formation of
the oxide semiconductor layer and before the formation
of the inorganic insulating film.

28. The method for manufacturing the semiconductor
device according to claim 27, wherein the oxide semiconduc-
tor layer subjected to the heat treatment has a second amor-
phous structure.

29. The method for manufacturing the semiconductor
device according to claim 27, wherein density of hydrogen
included in the inorganic insulating film is 5x10°%/cm’ or
more.

30. The method for manufacturing the semiconductor
device according to claim 27, wherein density of nitrogen
included in the inorganic insulating film is 1x10"”/cm’ or
more.

31. The method for manufacturing the semiconductor
device according to claim 27, wherein the heat treatment 1s
performed 1n an air atmosphere or in a nitrogen atmosphere.

32. The method for manufacturing the semiconductor
device according to claim 27, wherein the inorganic isulat-
ing film 1s formed using at least an N,O gas.

33. The method for manufacturing the semiconductor
device according to claim 27, wherein the substrate tempera-
ture at the time of forming the morganic insulating film 1s

100° C. or higher and 300° C. or lower.

34. The method for manufacturing the semiconductor
device according to claim 27, wherein the oxide semiconduc-
tor layer includes at least one of indium, gallium, and zinc.

35. The method for manufacturing the semiconductor
device according to claim 27, wherein the oxide semiconduc-
tor layer 1s a thin film represented by InMO,(Zn0O), (m>0)

wherein M denotes one or more of metal elements selected
from Ga, Fe, N1, Mn, or Co.

36. The method for manufacturing the semiconductor
device according to claim 35, wherein M denotes Ga.

37. The method for manufacturing the semiconductor
device according to claim 27, wherein a wiring 1s further
formed on the morganic msulating {ilm after the heat treat-
ment.

38. The method for manufacturing the semiconductor
device according to claim 28, wherein the first amorphous
structure 1s different from the second amorphous structure at
least in an atomic arrangement.

39. The method for manufacturing the semiconductor
device according to claim 27, wherein the heat treatment after
the morganic 1nsulating film 1s formed 1s performed more
than once.
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